INTRODUCTION
The eye and its adnexal structures are subject to a great number of diseases that are attributable to viruses such as herpes simplex 1, 2 (HSV 1, 2), varicella zoster virus (VZV), adenovirus, enterovirus, cytomegalovirus (CMV), EpsteinBarr virus, rabies virus, measles, mumps and others (1) . Viruses can affect many different areas of the eye from lid, skin, conjunctiva and cornea to retina, choroid and optic nerve. There are multiple ocular manifestations of viral infection from mild conjunctivitis with minimal sequelae to the severe and blinding infections caused by HSV and VZV such as progressive outer retinal necrosis (PORN) (1) . HSV is the virus most commonly detected in most diagnostic laboratories (2) . There are approximately 20,000 new cases of ocular HSV in the United States per year and more than 28,000 reactivations annually (3) . HSV epidemiology has been changing. HSV 1 infection is being acquired for the first time in older age group and is an increasing cause of genital infections (4) (5) . HSV most commonly affects the cornea producing keratitis that can be recurrent and may lead to corneal vascularization. Uncommon cases of HSV ocular infection presenting as acute follicular conjunctivitis are difficult to differentiate from other causes, such as adenovirus (6) . Adenovirus and enterovirus may cause a dendritic keratitis almost indistinguishable from infections initiated by HSV 1 / HSV 2 (7) . Human cytomegalovirus (CMV) is an unusual cause of systemic and ocular diseases in immunocompetent individuals, however it is frequent in immunocompromised patients (8) . There has been a significant increase in the incidence of CMV retinitis since the beginning of the AIDS epidemic. CMV retinitis is seen in 25%-40% of patients with Acquired Immunodeficiency Syndrome (AIDS) (8) . Anterior segment manifestations of CMV are rarely recognized, however bilateral CMV keratitis in a patient with AIDS has been described (9) . Although the diagnosis of viral eye disease is usually clinical, newer techniques, such as polymerase chain reaction (PCR), have expanded the tools available to elucidate etiology in cases with unusual presentation (1) . Multiple methods are used for the laboratory diagnosis of viral infections, including viral culture, antigen detection, nucleic acid detection, and serology.
Documentation of early emerging trends is important in order to properly manage patients, educate, and alert health care professionals.
In this study we document etiology and predictive value of clinical diagnosis in laboratory confirmed viral diseases. Monoclonal antibodies from Syva (HSV, CMV), Bartels (adenovirus, HSV), Meridian Diagnostics (VZV) and or Chemicon (enterovirus, adenovirus) were used to help confirm viral CPE / and or direct antigen detection (smears).
METHODS

Reports
RESULTS
One thousand nine hundred and sixty-four (1964) cultures were submitted during 1987-2001. Twenty-six percent were positive (514). Lids and conjunctiva were the sources with the highest positive rates (48.7% and 30.9% respectively) ( Figure 1 ).
HSV 1 was the most frequent agent isolated from all positive culture (56%), followed by adenovirus (31%) (Figure 2 ). No seasonal variation was observed for HSV. However, adenovi- rus was more likely recovered during summer and fall. Enterovirus was more frequently seen during the fall as can be observed in Figure 3 . Average detection time ranged from less than or equal to 24 hours (HSV) to 30 days (CMV, adenovirus). HSV 1 and HSV 2 were the fastest isolates recovered from traditional cell cultures compared to the other virus. About 78% of HSV was recovered within 72 hours. Time to detection for other virus can be observed in Figure 4 . The most sensitive cell lines were the A549 (97.2%) and MRC5 (57.3%).
Adenovirus was the most common virus isolated from conjunctiva (66%), HSV 1 from lid and cornea (76%, 88%) and CMV from vitreous (27%) followed by enterovirus (22%). Also 1 case of CMV from cornea was seen ( Figure 5 ).
Clinical diagnosis correlated well with laboratory results. Recognition of common viral syndromes was HSV keratitis and conjunctivitis (88%), EKC (88%), acute hemorrhagic conjunctivitis (AHC) (70%) and VZV keratitis, conjunctivitis and lid infection (100%). However, some misdiagnoses were observed. Thirteen percent of conjunctivitis thought to be caused by herpes were due to adenovirus, 3.2% to enterovirus, 3.2% to VZV and 3.2% to CMV. Also, 5% of cases with clinical diagnosis of herpes keratitis were caused by adenovirus and 2.7% by enterovirus. In addition, 4.8% of cases thought to be adenovirus conjunctivitis were herpes conjunctivitis. Finally 30% of the cases with clinical diagnosis of AHC were due to adenovirus (Table 1) .
DISCUSSION
Clinical and laboratory correlation was less than 90% in all major ocular viral diseases including HSV keratitis and conjunctivitis, EKC, AHC. Some other studies have shown an even lower correlation. Kowalsaki et al., found that only 65% (53/81) of patients with culture-positive disease were given a clinical diagnosis and treated for HSV at the initial clinical examination (10) . Clinico-virological correlation studies in Chile (11) and India (12) showed a 77% and 44% correlation in cases of herpes epithelial keratitis and 20% and 14.8% correlation in stromal keratitis, respectively.
History and physical examination are the best tools for diagnosing infectious diseases of the cornea and ocular adnexa, however laboratory studies can assist in the differential diagnosis of atypical viral presentations. In addition, early diagnosis of superficial viral infections is crucial for epidemiological and therapeutic reasons, allowing the appropriate treatment strategies to control the disease.
Recently, few studies about ocular virus surveillance are available. Some studies report the prevalence of a specific viral disease during a specific period of time. In general ophthalmologists treat viral diseases based only on clinical appearance, therefore we might not know the true prevalence of all ocular viral diseases. We thought it would be valuable to report the etiology of laboratory-confirmed viral diseases and predict the value of clinical diagnosis. HSV 1 remains the most frequently isolated virus from ocular sites in general (56%). Typically, ocular disease is caused by herpes type 1 however, 3% of corneal viral isolates in our study were due to HSV 2. It has been suggested that ocular HSV type 2 infections may have a less favorable outcome (13) , so maybe it would be interesting to know the type of HSV in ocular infection. There are no recent studies concerning the incidence of ocular infection by HSV 1 versus HSV 2 (14) . The first study suggesting transmission of HSV 2 from the genital site to the eye was published by Oh in 1976 (15) . The author reported 2 cases of blepharoconjunctivitis and 1 case of keratoconjunctivitis in 2 adults with prior history of genital disease and 1 child with close contact with her sister who apparently had genital disease. In 1978, Neumann-Haefelin found in a continuous series of 457 patients that 154 had HSV 1 and 3 had HSV 2 (1.9%) when isolating and typing virus (13) . There is one report of simultaneous HSV 1 and 2 infecting a cornea in a patient with AIDS (16) . Recently, Inoda reported a case of stromal keratitis and anterior uveitis due to herpes simplex virus type 2 in a young child (17) . The higher prevalence of HSV 2 in ocular disease found in our study might be a consequence of the increased incidence of genital HSV in the United States (13) . This change in the epidemiology supports the importance of laboratory diagnosis in viral diseases. It is also fundamental in order to confirm resistance to antivirals. Some cases of herpes keratitis resistant to acyclovir have already been published (18) (19) and some studies have shown that type 2 HSV isolates have higher ID 50 (50% of inhibitory dose) values than type 1 when tested for acyclovir sensitivity (20) . Seasonal patterns depend on viral serotypes, population groups and type of exposure. HSV virus was detected during all seasons. This is in accordance with some authors who also found no seasonal peak for HSV ocular infection (21) (22) . In contrast, some other studies reviewed the seasonality of ocular HSV and found a more frequent occurrence during the winter months (23) (24) (25) . Adenovirus was more common during summer and fall. In Japan, adenovirus was also detected most frequently in the Summer (22, 26) . Seven percent of corneal keratitis cases were due to adenovirus. So, it is not always herpes. This prevalence is a little higher than the one found in the literature (7) . The medical records of patients with a corneal positive culture specimen for adenovirus from 1986 to 1992 at Bascom Palmer Eye Institute were reviewed. Adenovirus represented 5% of all positive viral corneal cultures at that time. Also, the authors concluded that adenovirus-associated epithelial keratitis rarely can mimic infection of corneal epithelium by HSV and that adenoviruses do infect human corneal epithelium. Adenovirus and enterovirus isolates may play an increasing role in nonherpetic disease of the cornea and intraocular tissues. In addition, with the help of the laboratory results, we were able to identify one case of VZV and one case of CMV from cornea.
Twenty-six percent of all submitted virus cultures were positive. This low prevalence of positivity maybe is related to quality of sample, specimen handling in viral transport media, prior treatment, requirement of viable viral particles to confirm the characteristic cytopathic effect and misdiagnosis. In general, the isolation rates of HSV-1 in cultures from corneal specimens have been low, irrespective of the used cell line (27) . For example, it was found that only 22.4% (N=161) of all cornea scrapings of clinically suspected HSK subjected to culture were positive (12) and a positive rate of 32.4% (N=74) of all cases suspected to be HSK using tube cultures (Vero cell line) was described (28) . In our laboratory, human lung carcinoma (A549) and human lung diploid fibroblast (MRC5) were the most sensitive cell lines. However, some authors suggest that Vero cells line perform better in the isolation of HSV 1 (29) . We particularly do not have experience with Vero cell line. In general, A549 and MRC5 have been our choices due to their ability of recovering adenovirus, HSV and CMV and to their high sensitivity observed in our laboratory for the last years.
The most misdiagnosed cases were herpes conjunctivitis and keratitis when in fact they were caused by adenovirus and some cases of adenovirus conjunctivitis that actually were caused by herpes.
Five cases (5/103, 4.8%) of cases thought to be adenovirus conjunctivitis were herpes conjunctivitis. This incidence is similar to the one found by Uchio when studying clinical and epidemiological features of acute follicular conjunctivitis (4.3%) (6) . It has also been reported that the incidence of HSV ocular infection presenting as acute follicular conjunctivits in the absence of corneal or lid signs in cases of clinically diagnosed EKC is 1.4-7% (30) (31) (32) . It is clinically difficult to distinguish HSV conjunctivitis from adenoviral conjunctivitis in the acute stage, since the clinical features of adenoviral conjunctivitis are similar to those of HSV conjunctivitis (29) . In summary, the clinical and laboratory correlation was less than 90%. It is essential that a rapid and specific diagnosis is offered under atypical viral presentation for the institution of specific antiviral therapy and to avoid complications that can be a result of misdiagnosis and inappropriate treatment. It is also important to do viral testing in order to confirm clinical diagnosis, report emerging infections, resistance and change in the epidemiology.
CONCLUSIONS
HSV 1 remains the most frequently isolated virus from ocular sites in general (56%). Nonherpetic corneal isolates were in decreasing order: adenovirus, enterovirus and CMV. Clinical and laboratory correlation was less than 90%. The most misdiagnosed cases were herpes conjunctivitis and keratitis, some cases of adenovirus conjunctivitis, some cases of AHC. It is essential that a rapid and specific diagnosis is offered under atypical viral presentation for the institution of specific antiviral therapy and to avoid complications that can be a result of misdiagnosis and inappropriate treatment. 
